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^ (57) Abstract: A landing gear door assembly comprises Crsi, second and third doors (52, 54, 56) which arc operable to open and 
close an apcnurc (36) in an aircraft fuselage structure. A piston actuator (58) is operable to open and close the first door (52). while 
O link means arc provided between the first door (52) and the second and third doors (54, 56) to transmit motion of the first door (52) 
^ 10 the other doors. In a preferred embodiment the first and second doors (52. 54) arc arranged to fold as they move from a closed to 
»^ an open position. 
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Landing Gear Doors 

The present invention relates to aircraft landing doors and in particular, though not 
exclusively, to aircraft where multiple landing gears, when not deployed, are housed in 
5 recesses of both an aircraft's fuselage and wing. 

The landing gear of commercial passenger and cargo aircraft is typically movable 
between a deployed position and a stored position where it is received in appropriately 
shaped bays. So as not to interfere with the overall aerodynamic properties of the 
10 aircraft in flight, the bays are provided with doors which, when closed, conform to the 
shape of the aircraft body. 

According to the present invention there is provided an aircraft landing gear door 
assembly comprising first, second and third doors hinged for rotational movement 
15 about respective hinge axes to an aircraft structure, and actuation means operable to 
move the doors between open and closed positions wherein the actuation means is 
operable to move the first door, and the doors are linked by link means such that 
movement of the first door results in corresponding movement of the second and third 
doors. 

20 

The present invention thus provides a complex door assembly of three doors which can 
be opened and closed by actuation means driving only one of the doors. 
Synchronisation of the movement of the doors is achieved by the provision of link 
means between the doors. 

25 

In a preferred embodiment the first and second doors are spaced on either side of a door 
aperture in an aircraft structure, which may be a fuselage, wing or a combination of 
both, and the third door may lie adjacent the first. Preferably the respective hinge axes 
of the doors are substantially parallel with one another. 

30 
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The link means may include a drive shaft adapted to rotate as one of the said doors 
pivots about its hinge axis, and a connecting rod pivotally connected to the drive shaft 
ai a position spaced from the shaft axis; the connecting rod being arranged to move 
another said door. The connecting rod may be arranged so as to be movable in a 
5 direction substantially perpendicular to the axis of the drive shaft. 

In a preferred embodiment the connecting rod is arranged to drive a pivotable linkage 
member provided between another said door and a pivot point. The pivot point may be 
provided on a portion of the aircraft structure. Thus it will be understood that 
10 movement of the connecting rod as a result of rotation of the drive shaft results in 
pivotal movement of the linkage member and hence movement of the other said door 
about its hinge axis. 

The actuation means may comprise a linear, eg telescopic, actuator such as an hydraulic 
15 actuator. Such an actuator may be pivotally mounted between one of the said doors, for 
example the first door, and a point on the stmcture of the aircraft. 

In order to aid ground clearance when open, for example, at least one of the doors may 
be foldable and thus arranged to adopt a folded configuration as the door moves from 

20 the closed position to the open position. In this respect, the door may comprise a first 
panel hinged to a structure of the aircraft, and a second panel hinged to the first panel. 
In a preferred embodiment the second panel is hinged to the first panel along a side 
opposite to the hinge side. Folding of the door may be achieved by the provision of one 
or more radius rods pivotally connected between the second panel and the structure of 

25 the aircraft. 

In such an embodiment the pivotable linkage of the link means is pivotally connected to 
the second panel to effect folding of the door. Preferably the pivotable linkage is 
attached to the second panel at a position spaced from the hinged connection of the 
30 second panel to the first panel. 
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In a preferred embodiment the third door is Hnked to the first door, and the hinge axis 
of the third door is parallel to the hinge axis of the first door. Preferably the hinge axis 
of the third door is co-linear with the hinge axis of the first door. 

5 The door assembly preferably includes a differential linkage to transmit differential 
movement between the first and third doors. The differential linkage preferably links a 
position on the first door spaced a first distance fl-om the hinge axis thereof and a 
position on the third door spaced a second and different distance fi:-om the hinge axis 
thereof via an intermediate pivotal connection. The intermediate pivotal connection 

10 may include a torque shaft to take up separation between adjacent hinges on the 
respective doors. 

In order to allow for the said differential movement of the first and third doors, for 
example to allow one of these doors to avoid a component of an adjacent landing gear 
15 when the door is open, the link means may comprise a drive shaft adapted to rotate as 
the first door rotates about its hinge axis and a bell crank arrangement, such as the 
differential linkage above, operable between the drive shaft and the third door. In an 
alternative embodiment a gear arrangement may be used in place of the bell crank 
arrangement to provide the required differential movement. 

20 

A or the drive shaft may extend the width of a said door, and may connect hinges 
thereof, whereby to transmit torque from one side of the door to the other. 

The Hnk means further preferably includes a pivotable link member, the link member 
25 being attached at one end to the door and at the other to the aircraft structure and being 
movable by the connecting rod. The radius rod may comprise the link member of the 
link means. 

In order to provide a space efficient door assembly design at least one door may include 
30 a cutaway portion adapted to be filled, at least in part, by another said door, for example 
an adjacent door. In this way part of the space that would normally be occupied by a 
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single door may be arranged to be occupied by two or more doors which may open with 
the aforesaid differential movement so that one of the doors may move in a manner so 
as to avoid an obstacle. Such an obstacle may, for example, be part of an adjacent 
landing gear or a movable part of the aircraft structure which the door would otherwise 
interfere with upon opening. 



An embodiment of the present invention will now be described with reference to the 
accompanying drawings in which: 

Figure 1 shows a perspective view, looking forward, of a port wing mounted landing 
10 gear assembly where the landing gear is deployed and the fuselage landing gear doors 
are closed; 

Figure 2 shows a perspective view of the assembly of figure 1 where the landing gear is 
stowed and the fuselage landing gear doors are closed; 

Figure 3 shows a view looking forward where the landing gear is stowed and the 
1 5 fuselage landing gear doors are open; 

Figure 4 is an enlarged detail of circled portion IVof Figure 1; and 

Figure 5 is a view similar to that of Figure 3 showing a landing gear door assembly 

with a body-mounted gear deployed under a wing gear bay. 

20 Referring to the figures there is shown a wing-mounted aircraft landing gear assembly 
generally designated 10 and comprising a strut 12 carrying a wheeled bogie 14 having 
four wheels 16. The upper end 18 of the strut 12 is connected to the aircraft structure 
by a pivot 20. The assembly 10 is pivotable between a deployed position (figure 1) and 
a stored position (figures 2 and 3) by a piston actuator 22 provided between the strut 12 

25 and the aircraft structure. Articulated control arms 24, 26 are provided between the 
strut 12 and the aircraft structure, in use, to brace and maintain the landing gear 
assembly 1 0 in the deployed position. 

In the embodiment shown the landing gear assembly 10 is pivotally connected within 
30 the wing. As can be seen in figures 2 and 3, when the assembly 10 is in the stored 
position it is received both in a recess of the wing and a recess of the fuselage. For the 
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sake of simplicity in describing the invention the wing is represented by wing skin 28 
and the fuselage by belly fairing 30. Figure 2 additionally shows a section of the 
fuselage internal structure 32. 

5 Apertures 34, 36 are provided in the wing skin 28 and belly fairing 30 respectively to 
enable the landing gear 10 assembly to move between its stored and deployed positions, 
and the apertures 34, 36 are provided with doors. 

The belly fairing aperture 36 is provided with five door panels, hereinafter referred to as 
10 panels A, B, C, D and E. First panels A and C are connected by hinges 38 and 40 to an 
inboard edge 42 of the belly fairing aperture 36, while first panel D is connected by 
hinges 44 to an outboard edge 46 of the aperture 36. Second panels B and E are 
connected by hinges 48 and 50 to first panels A and D respectively. It will thus be 
understood that first and second panels A and B define a first door 52, first and second 
15 panels D and E define a second door 54 and panel C defines a third door 56. The doors 
52, 54, 56 are movable so as to open and close the belly fairing aperture 36. A further 
door panel F is provided on the strut 12 which in use closes wing skin aperture 34 when 
the landing gear assembly 10 is in the stowed position. 

20 Opening and closing of the doors 52, 54, 56 is effected by a piston actuator 58 provided 
between panel A and the aircraft structure. The piston actuator is hydraulically 
operated. Synchronisation of the doors 52, 54, 56 and panels A, B, C, D and E during 
opening and closing thereof is achieved by the provision of the following arrangement. 
A first drive shaft 60 is connected to the hinges 38 of panel A such that pivotal 

25 movement of panel A about said hinges 38 results in rotation of the first drive shaft 60 
about its axis. A pair of radius rods 74 is pivotally connected between panel B and the 
aircraft structure. 

The first drive shaft 60 is connected via a differential movement arrangement of bell 
30 cranks 62 to panel C and a second drive shaft 64. Rotation of the first drive shaft 60 



wo 01/56878 




PCT/GBOl/00426 



6 

results in pivotal movement of panel C about its hinges 40 and rotation of the second 
drive shaft 64. 

The end of the second drive shaft 64 rembte from the bell crank arrangement 62 cairies 
5 an arm 66 which in tum is pivotally connected to a connecting rod 68. The connecting 
rod 68 extends between the arm 66 and a pivotable link member in the fonm of a crank 
arm 70. The crank arm 70 is pivotally connected between a bracket 72 on the aircraft 
structure 32 and an edge of second panel E of door 54. 

Opening of the doors 52, 54 and 56 is achieved by extending the piston actuator 58. 
Dealing firstly with the first door 52, composed of panels A and B, extension of the 
piston actuator 58 causes downward pivotal movement of panel A. As first panel A 
moves down, the radius rods 74 cause second panel B to fold towards panel A. 
Continued extension of the piston actuator 58 results in the first door 52 and panels A 
and B being moved to the fully open position shown in figxu-e 3, with the panels A and 
B folded together with their inner surfaces facing each other. 

As the piston actuator 58 extends to cause first panel A to pivot about its hinges 38, the 
pivotal movement occasions rotational movement of the first drive shaft 60. Via the 
bell crank arrangement 62, the aforementioned rotation of the first drive shaft 60 is 
utiHsed to pivot panel C by a lesser amount about its hinges 40. Thus, as the first door 
52 opens so does the third door 56, but by the lesser amount. The fully open position of 
the third door 56 can be seen in figure 3. In an alternative embodiment the bell crank 
arrangement 62 may be replaced by an arrangement of gears to transmit the differential 
motion to panel C. 

The bell crank arrangement 62 also translates the rotational motion of the first drive 
shaft 60 into rotation of the second drive shaft 64 and ultimately the opening and 
closing of the second door 54. As the second drive shaft 64 rotates, it moves the arm 
30 66 and hence causes the crank arm 70 to pivot about the bracket 72. This pivotal 
movement of the crank arm 70 causes first panel D to rotate about hinges 46 and second 
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panel E to fold towards panel D. Once fully opened, the second door 54 adopts the 
position shown in figure 3. Doors 52, 54 and 56 are now clear of wheels 16 to allow 
gear 10 to be lowered into the deployed position. 

5 While the above described operation of the doors 52, 54 and 56 relies upon the piston 
actuator 58 to achieve opening thereof they can also fall open under their own weight, 
for example, if the hydraulic supply to piston actuator 58 fails. This ensures that in the 
event of such a failure of the piston actuator 58 the doors can be opened to allow the 
landing gear assembly 10 to be lowered. The doors 52, 54 and 56 can also be caused to 

10 open by the action of the landing gear assembly 10 bearing against them. This 
envisages a scenario where the piston actuation 58 may be jammed and hence holding 
the doors 52, 54 and 56 closed. First panels A and/or C may be provided with guides or 
plattens engageable by the wheels 16 of the landing gear assembly 10 in such a 
situation, and the piston actuator 58 may be connected to panel A and/or the aircraft 

15 stmcture 32 by suitable release means such as shear pins. 

Referring to Figure 4, adjacent hinges 38, 40 of door panels A and C can be more 
clearly seen and can be seen to be connected to respective drive shafts 60 and 64. The 
bell crank type arrangement 62 comprises two arms 80, 82 of different length to 

20 provide the differential movement between shafts 60 and 64, two connecting links 84, 
86 and an intermediate pivotal connection in the form of a short drive shaft 88 having 
transfer arms 90, 92 affixed to either end thereof The arrangement is such that angular 
rotation of shaft 60 will always be greater than that of shaft 64, owing to arm 80 being 
shorter than arm 82 and thus spacing pivot point 94 a lesser distance from the common 

25 axis of shafts 60, 64 than pivot point 96 on arm 82. 

In this way door 56, positioned immediately in front of tyre 98 (see Figure 5) of body 
landing gear 100, will open sufficiently to allow clearance of wheels 16 of gear 10, but 
insufficiently to foul tyre 98, when deployed. The deployment path 102 of wheels 16 
30 of gear 10 is shown. This passes just in front of the deployed position of body gear 
100. 
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Claims 

!. An aircraft landing gear door assembly comprising first, second and third 

doors hmged for rotational movement about respective hinge axes to an aircraft 
5 structure, and actuation means operable to move the doors between open and closed 
positions wherein the actuation means is operable to move the first door, and the doors 
arc linked by link means such that movement of the first door results in corresponding 
movement of the second and third doors. 

10 2. A door assembly as in claim 1 wherein the first and second doors are spaced on 
opposite sides of a door aperture in the aircraft structure and the third door lies adjacent 
the first door. 

3. A door assembly as in claim 2 in which the link means includes a differential 
15 linkauc to transmit differential movement between the first and third doors. 

4. A door assembly as in claim 3 in which the differential linkage links a position on 

the first door spaced a first distance fi-om the hinge axis thereof and a position on the 
third door spaced a second and different distance fi^om the hinge axis thereof via an 
20 intermediate pivotal connection. 

5. A door assembly as in claim 4 in which the intermediate pivotal connection 
includes a torque shaft to take up separation between adjacent hinges on the respective 
doors. 

25 

6. A door assembly as in any preceding claim in which the link means includes a 
drive shaft adapted to transmit the said rotational movement as the first door rotates 
about its hinge axis and a connecting rod connected to the drive shaft at a position 
spaced from the shaft axis, the connecting rod being arranged to move another said 

30 door. 
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7. A door assembly as in claim 6 in which a said drive shaft extends the width of a 
said door, whereby to transmit torque from one side of the door to the other. 

8. A door assembly as in any preceding claim in which the link means further 
5 includes a pivotable link member, the link member being attached at one end to the 

door and at the other to the aircraft stracture and being movable by the connecting rod. 

9. A door assembly as in any preceding claim in which the actuation means 
comprises a linear actuator pivotally moimted between the first door and the aircraft 

10 structure. 

10. A door assembly as in any preceding claim in which at least one said door is 
foldable and thus arranged to adopt a folded configuration when moving from the 
closed position to the open position. 

15 

11. A door assembly as in claim 10 in which the foldable door includes a first panel 
hinged to the aircraft stmcture, a second panel hinged to the first panel and a radius rod 
pivotally connected between the second panel and the aircraft structure. 

20 12. A door assembly as in claim 11, when dependent on claim 8, in which the radius 
rod comprises the link member of the link means. 

13. A door assembly as in any preceding claim in which the hinge axis of the third 
door is co-linear with the hinge axis of the first door. 

25 

14. A door assembly as in claim 3 in which the link means includes a drive shaft 
adapted to rotate as the first door rotates about its hinge axis and a gear arrangement 
acting between the drive shaft and the third door. 
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